.qth0ut sensation, the hand .is blind.
Based upon a clinical interpretatior even when highly trained s.urgeons, the most modern techniques, tea severed nerve, it is rare for an adult lent to recover normal functional senin the injured hand. We have rebed the literature on sutured median uiaar nerves completely lacerated at x~rist in adults (more than 14 years for which age-specific results with -term follow-up are given..Normal sensation (two-point discrimof ~ to 5 ram) was recovered in than two percent of such cases, z-! :It has been suggested that to improve results, it is. necessary to. improve technique'df nerve suture.~, ~ Peri-(ffisCicular or funicular) ,uggested by Sunderland~ in19~:o, recently reported in cats s and iIm ay provide this improvement. is .our impression, however, that the failure to achieve recovery of funconal sensation in the hand following injury, and particularly nerve suin adults, is more a faih~re o[ the to achieve his full sensory potential of the sz~rgeon to achieve good nerve suture. This impression arose from repeatedly patients improve their ability to calize a touch stimulus, or to discrimhate two points, while in the very procof being examined. Although I'gynñ arry z° had demonstrated the usefulness sensory reeducation, rehabilitatioñ chniques today continue to emphasize function to the virtual exclusion Sensory function.Z~o f recent neurophysiological evidence re. lated to cutaneous sensibility, Z~ we have developed a sensory reeducation progra~ in which patients are assigned specifi( sensory exercises at the appropriate time in their recovery process. This paper re. ports the results of our first year's experi. ence with this pr~ogram.
THE SENSORY REEDUCATION PROGRAM"
The Sensory Reeducation Prog-ram is base, d upon the assumption that, in the patient.undergoing regeneration of a peripheral nerve, there will be a time when he will begin to demonstrate less recover?, of functional sensation than he is capable of demonstrating. The basis of this nnderachievement would be the failure ot he patient to interpret correctly in his central nervous sys.~em the altered profile of impulses discharged when the sensor?, distribution, of his regenerating nerve is stimulated.
The Sensory Reeducation Pro~am is designed to help the patieht learn to. fnterpret correctly these altered profiles of impulses, by assi~ing specific sensory exercises at the appropriate time in the recovery process--thereby enabling him to achieve his full sensory potential. )
SPECIFIC SENSORY EXERCISES
The design of the ~pecific sensory exercises and the selection of the appropriate time to institute these ex6rcises developed from our clinical interpietation of recent neurophysiological evidence related to cutaneous sensibility, z-~ This evidencẽ a-t 
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has demonstrated that the large, myelinated sensory fibers (the group A-beta fibers) can be subdivided by their response to mechanical stimuli into quickly-adapting and slowly-adapting fibers. The quickly-adapting fibers can be subdivided again into a group maximally responsive to 30 cps vibratory stimuli, and a group maximally responsive to 256 cps vibratory stimuIi. Clinically, the slowly-adapting fibers are interpreted to be those fibers mediating the perception of a.constant-touch stimulus (as in the yon Frey hair test or the Weber test) and the intensit Y of that stimulus. The quidklyadapting fibers are interpreted to be those fibers mediating t.he perception not only "of flutter (30 cps) and vibration (256 cps), but also of a moving-touch stimulus (such as finger strokingr').
EX~RC~S~S .... Exercises were chosen to be simple, repetitive, and capable of being performed at home by the patient himself.
Early Phase, Slowly-Adapting Fibers
In the Earl), Phase of the Sensory Reeducation Program (before [he perception of movingytouch and/or constant-touch has been recovered at the distal phalanx) the exercise to reeducate the perception mediated by the slowly-adapting fibers consists
PLASTIC & I~ECONSTRUCTIVE SURGERY,
of touching the ~raser end of a pencil (or any object, like another finger) on the given area ; varying pressure.
.Early Phase, Quichly-Adapting Fibers
The exercise to reeducate the perception media by the quickly-adapting fibers consists of moving} eraser end of a pencil (or any blunt object, another finger) across the given area.
Late Phase
In the Late Phase (when the perce constant-touch and moving-touch has been distally) the exercises consist of utilizing sized and shaped nuts and bolts, such as are at any hardware store (Figs. 1, 2) .
"Ed~"constant-touch, the patient attempts to criminate whether he is feeling the larger (16 diameter) or the smaller (11 mm diameter) of of hexaggnal nuts; the simi~rity in size and, fore, the degree of difficult,v of ~h.e task, is as the patient improves.
For moving-touch, the patient attempts to criminate whether he is feeling the 4 sides (sharp) a square nut or the 6 sides (dull) of a hexagonal being rolled across his finger.
To reeducate areas on single fingertips, the cises, are administered with the other, To reeducate pinch areas, assuming motor tion is sufficient, the patient attempts to whether the rounded or the fiat side of th'e cap (1t mm diameter) is in contact with h~s thumb. patient proceeds to the smaller cap nut (6 diameter) as he improves. Abilit.v to detect which of a small button is grooved is the most exercise. pinch-type exercises also reha-.fine motor function. Each exeris performed with the patient first the given stimulus and "thinkor focusing his attention upon it "feels" as he is watching it. Then repeats the stimulus with his ey.es and again thinks about ,and fob is attention upon how it feels. .: is eyes closed he must condentrate [.associating whatever (altered) profile he is receiving centrally with iat he hnows is happening at his fingerHe must lea~-n what this altered pertion means, to rcassociate the new senion with the old action.
time should be 10to 15 minper session, with the session to be athome in a quiet room with the uient welt rested and alert. More thañ ession per day is encouraged; the and bolts can be carried in the papocket during the day, so he cañ e them with him wherever he goes.
entering the program who alhave recovery of sensation distally, tt with no discrimination or poor twodiscrimination (2 PD) may begin ie Late Phase ofexercising directly. All patients entering the pro~am must evaluated continually until theapprotime for them to enter the Early of exercising.
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The "appropriate time" is determined from the pattern Of recovery of sensation. Utilizing pinprick; constant-touch, fingerstroking, and tuning forks of 30 cps and i:~i.?4ti 256 cps, it h-as been demonstrated -that a typical pattern of sensory recovery occurs prior to the return of 2 PD (Fig. 1 ).
First to return distally is the perception of pinprick, then the perception of B0 cps stimuli (either concurrently just ahead of the perception of movingtouch), then the perception of constanttouch, and. finally., the perception of cps stimuli. If, th~n, the 30 cps stimulus is percei~d at some distal level, but moving-touch is perceived only at a more proximal level, it is the approR, riate time for the patient to enter the Early P, Sase of sensory exercises specific for moving-touch -. (in that area to which the pattern of covery has .progressed). Similarly, if the 256 cps stimulus is perceived at some distal level, but constant-touch is perceived ō nly at a more proximal level, it is the appropriate time for the patient to enter the Early Phase of sensory exercises specific for .constant-touch (in that area to ,which the pattern of recovery has progressed) (Fig. 3) . The basis for this must be that Fro. 3. (/eft) In Ca~e fi, note that perception of pinprick (~'~), 30 cps s~imuli (..), and 256 eps stimuli (OO) been recovered distally, but that perception of moving-touch (--) and constant-touch (x x) remained only at a proximal level.The patient entered the Early Phase of sensory r~edu-cationai this point. In 4 days the perceptions of movingtouch and constant-touch were recovered distally. the 30 cps and 256 cps stimuli have not been encountered before. Consequently, their perception does not have to be relearned, and therefore they reflect more .precisely than the constant-touch or mo~-lng-touch stimuli the leveI to which the fibers for which they are specific have regenerated.
The 256 cps stimulus does not test for the fibers that mediate constant-touch, but the fibers for which it does test return distally after the return of those for constant-touch. Thus, if the 256 cps stimulus is perceived more distally than constant-touch, we assume that the constant-touch fibers are regenerated . ~been referred for evaluation. Whenthe perception of moving-touch
Patients were referred either beta and/or constant-touch has pro~essed to the tip of the distal phalanx, the Late Phase of sensory exercises for that specific sensation may begin. At this pgint, testing the recovery of functional sensation begins, using the ~gebe~ t'e~t for two-point discrimination (2 PD). As the sensory threshold is highest, early in the course of regeneration, the blunted compass points shoutd be pressed more firmly in the early testing periods to stimulate the given threshold level that exists at that time; otheswise that a ' ' p tlent s ability will be underestimated. (Almquist's 16 data would support this approach.)
Eight correct responses out of l0 trials (of being touched with both points simultaneously) are taken as a positive response --with the p~tient's perception that the "two" is really two points being monitored frequently by giving a one-point test.
It is critical for the interpretation ofthis iest that the two points be perceived as two points and not one broad area--or the patient's two-point discrimination will be overestimated and a true reflection of his peripheral innervation density of slowly-adapting fibers at the point tested Will not be obtained.
Several seconds must elapse between test repetitions to avoid fingertip fatigue and mental fatigue. Even areas witt~ sligh~t hey had had a nerve repair or in' the past .and had reco'~red less than quate functional sensation--or beda they had had a nerve repair or in.jury cently and were to be evaluated and educated during their recovery of tion. No initial selection was made age, site of injury, type of injury, repair, or by the patient's educ.ati, or motivation for recovery..
Five patients were lost to follow-u prior to completion of their initial ation; 4 patients were lost to loll, after being evaluated and followed some time, but prior to entering the sory Reeducation Pro~am. One is excluded from this report becũ nderwent a neurolysis after entering Sensory Reeducation Pr%a-am.
Nine patients have entered the Reeducation ProgTam and are re in this study (Table I) .
RESULTS

Early Phase
Five patients entered the study enough in their recovery to be in Early Phase (Table II to the fingertip, but th~t"t'~e perpdon of moving-touch and constantstimuli had remained (generally) the proximal phalanx for 3 weeks khout further distal progression, Early sensory reectuc~tion was begun. reeducatipy~ enabled the patients to r these perceptions to the fingertip .o 5 days (Fig. 3) 7) , however, returned to work and was lost to follow-up at this point.
Six panents entered the Late Phase of the Sensory Reeducation Program (Table  III) . Two patients (Case 4 and Cas e 8) were seen at the beginning of this study and received Late Phase reeducation until ~hey recovered normal functional sensation (4 and 6 weeks, 3;espectively).and were discharged. Case, 4 ~*eturned to ~tuck driving, and Case, 8 returned to work at a steel mill.
Case 5 and Case ~ entered the Late Phase after completing the Early Phase, and Case 5 and Case 9 entered the La~e Phase directly. In these 4 patien-/;, 8 fingers (thumb and index for each of dian nerves, and the little finger for each of two ulnar nerves) had received week course in s~nsory reeducation when this study terminated..Each of the ulnar nerve distributions recovered two mm PD (n.ormal functional sensation) after the "3 weeks of reeducation. At the end of this same period, each of ~he median nerve distributions had recovered to less than 15 mm 2 PD: In one p~atient, from essentially no 2 PD, the thumb improved to i5 mm and the index to 7 mm PD.
For Case ~ and Case 9 this pattern was reversed, with the thumb recovering the better 2 PD. In both been previously validated. It Was not sible,, therefore, to apply them as so( possible in the recovery process, be, to do so would have made it im to determine whether any observed provement in the recovery of sensati was due to regeneration, or to reed, tion, or to both. Each patient, theret was evaluated continuously prior tering the program, until his reco, sensation appeared to have stopped gressing and had remained without ther improvement for at least 3 wd * For nerve palsy ~atients this time interva date ot~ injury to Late Phase entry.
3 weeks is from the -these patients, the thumb responded well initially to reeducation while the index showed little or no improvement. It. was felt that each of these patients was perceiving .pinch primarity through his thumb and, therefore, was reeducating his thumb preferentially over his index finger. When exercises were redirected to focus attention individually on the index fin.get, as well as continuing with the pinch exercises, the index finger rapidly improved. By the end of the third week, thumb 2 PD and index 2 PD were 5 mm and 13 mm respectively for Case 6, and 6 mm and 7 mm respectively for-Case 9. Tl~is represents the .return of normal to near normal functional sensatioñ n a repaired median nerve in adults (29 and 49 years of age) 4 to 8 months after nerve suture.
These Patients, who were all out of work and on compensation (except Case 9, a housewife), were discharged and returned to work~Case 5 as a garage mechanic, Case 3 as a gardener, and Case 6 as a truck driver. In general, the patients did their exercises, at home for 5 to 15 minutes per session, .3 to 5 sessions per -day..
DISCUSSION
The Sensory Reeducation Prog-ram ideally would apply specific sensory exercises, known to reeducate specific sensations, as early as possible in the recovew process to accomplish recovery of normal sensation as soon as possible. The exercises employed, here, however, had not This "stable" period indicated that effects of the regenerating fibers reached a plateau or had.slowed great At this point, the patient entered the gram.
This method enabled each serve as .his own age-and-lesion-mat, control. ~VVhatever change occurred in his recovery of sensation during short period of sensory reeducation ht o be the result of the program and noth is regeneration process. The results obtained from the year's operation of this Sensory tion ProgTam strongly support the pro .s.itions that (1) in the regeneration peripheral nerve there will come a when the patient witl begin to dem strate less recovery of functional than he is capable of demonstrating, (2) that specific sensory exercises assi at the appropriate time will then help patient to achieve the full potential git o him by surgery as quicEIy as possil Although we believe that our nerve would have achieved a good result without therapi we think they achieved this sooner thaa if they: been left to recover without therapy. For our 47-year-old digital nerve patient might regained 11 to 19 mm 2 PD in 5 years~; his of 5.5 mm 2 PD within 9 months after re a.lmost certainly due to his sensory reeducation:
It would have been rare, also, or ulnar nerve suture patients, being adults,! I regained even 20 mm 2-PD 5 years after suture all 3 regained normal (or near normal) 2 ynn Parry~ employs a form of nonspecific sensory exercise, administered shortly after recovery of protective sensation (pain and temperature). The blindfolded patient tries to recognize a common object (key, coin, bottle opener) placed into his hand by the therapist. Progress is noted by the number of seconds required for recognition. If no recognition is initially possible, the patient is switched to large wooden blocks of various weights and shapes. Wynn Parry notes that in 3 to4 weeks there is an improvement in hand function; at his evaluation two years following repair, no patient had regained normal 2 PD but 25 percent of his ulnar nerve suture patients and 50 percent of his median nerve suture patients had recovered "some" 2 PD. In 25 percent of his median nerve patients, this "feeling was little short of perfect."
The literature contains many examples of the results of sensory reeducation --they just are not identified as such. For example, following suture of the ulnar or median nerve at the wrist,, it is generally a~eed one can expect useful sensation ("superficial pain and tactile sensation with some degree of two-point discrimination") to return by 3 years--with some small but definite improvement continuing until 5 years. >a, ~. ~o. ~. ~:>,,., The basis "for this "small but definite improvement '' (which Hakstian~.calls "the drop-off in recovery towards completion of regenera: tion that characterizes all peripheral. nerve sutures") surely, cannot be due to the continuing regeneration of axons, which occurs at from one to 4.5 .mm/ day.:" We suggest it is due to the "subliminal"' reeducation that attends the daily, though guarded, use of an injured hand. Fragiadakis's'-'a observation (that results of nerve suture were better in patients who were dextrous, rather than heavy manual laborers or clerical w~rk-ers) supports this suggestion.
One Wonders if the success of children in recovering their functional sensation is not at least partially due to their continual curious investigation, of their environme.nt with their hands, rather than t.,; "~,'.~me supposed superior abiiltv of their central nervous system to compensate for misdirected axons. 16 An example of this subliminaI reeducation may be found in Onne's a work. To establish norms for 2 PD he tested for it twice in each of a series of patients with normal hands. One patient's 2 PD decreased by 6 mm from one determination to the next. (Indeed, 2 PD in the corresponding areas of the normal hand of our patients, which was measured at each session, "improved" from 6 mm to 3.5 mm for Case 4, from 4 mm to 2 mm for Case 3, from 3 mm to 2.5 mm for Case 8, and from 4 .mm to 2 mm for Case 5. This is analogous to the change from normal 2 PD [3 to 5 mm] to 1.5 mm found in nondiabetic blind persons who have been trained to read Braille.2~) SUMMARY A sensory reeducation ~rogram for the hand, after nerve injury and repair, is described in detail. During its first year. in operation, 6 adults with essentially no two-point discrimination recovered normal (or near normal) functional sensation, within two to 6 weeks of entering the progTam.
We suggest that sensory reeduca~'ion, which can be administered effectively by an occupational therapist, be made an integral part.of the p~stoperative management of peripheral nerve injuries.
